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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3Tn the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The process at which the multilayer containing at least two kinds of silicon oxide system 
insulator layers is formed on a semi-conductor substrate, a contact hole is formed in said multilayer, and 
said semi-conductor substrate is exposed, In the manufacture approach of a semiconductor device of 
having the process which removes the natural oxidation film of the appropriate account exposed surface 
of back to front The manufacture approach of the semiconductor device characterized by removing said 
natural oxidation film using the etching reagent which consists of an excess of 0 % of the weight, 0.5 or 
less % of the weight of HF, NH[ at least 37% of the weight of ]4 F, and remainder water. 
[Claim 2] The manufacture approach of the semiconductor device according to claim 1 which is a 
multilayer including at least two kinds in the thermal oxidation silicon film, the BPSG film, and the 
ordinary pressure CVD silicon oxide film. 

[Claim 3] The manufacture approach of a semiconductor device according to claim 1 or 2 that the 
surfactant is added by the etching reagent. 

[Claim 4] The etching reagent for silicon oxide system insulator layers characterized by consisting of an 
excess of 0 % of the weight, 0. 1 or less % of the weight of HF, NH[ at least 37% of the weight of ]4 F, 
and remainder water. 

[Claim 5] The etching reagent according to claim 4 with which the surface active agent is added. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the etching reagent used for an art and processing after 
forming a contact hole in the insulating multilayer especially on a semi-conductor substrate about the 
manufacture approach of a semiconductor device, and an etching reagent. 
[0002] 

[Description of the Prior Art] 0. 1 - 10 % of the weight of HF, four F15 - 40 % of the weight of NH(s) 
shown in JP,3-17372,B as conventional buffered fluoric acid, The remainder was indicated to be a thing 
called the water which added the surfactant to JP,3-45533,B again. A of the graph which took HF 
concentration along the axis of abscissa, and took NH4 F concentration along the axis of ordinate 
(HF6. 1%, four F32.5% of NH(s)X There is a thing of becoming with HF of the square to which four 
points of B (HF5.1%, fourF12.4% of HN(s)X C (HF5.9%, NH4F10%X and D (HF7%, four F26% of 
NH(s)) were connected within the limits, NH4 F, and remainder water. 
[0003] 

[Problem(s) to be Solved by the Invention] Suppose that the process which removes the natural 
oxidation film of the pars basilaris ossis occipitalis after contact hole puncturing is performed using the 
buffered fluoric acid of this conventional concentration. 

[0004] For example, as shown in drawing 3 Thermal oxidation silicon film (silicon) The contact hole 1 
of the diameter of 0.35 micrometer is punctured by the dry etching method without selectivity to the 
multilayer which consists of the silicon oxide film 3 oxidized thermally, BPSG (boron phosphorus 
silicic-acid glass) 4-1, 4-2, and ordinary pressure CVD silicon oxide film (silicon oxide film deposited 
with the ordinary pressure CVD method) 5. Supposing it performs that after treatment, in order that an 
etching rate may expand a contact hole [ finishing / formation / it is too as quick as 80- 100 nm/min to 
the thermal oxidation silicon film at 20 degrees C and ], by the buffered fluoric acid shown in IP,3- 
45533,B, it is not suitable for this application. If it processes among the buffered fluoric acid shown in 
JP,3-17372,B using 130BHF (HFl.61%, four F38.7% of NH(s)), irregularity will arise on a contact hole 
side face by the difference in the etching rate of each film of an insulating multilayer. 
[0005] Although drawing 2 shows the contact hole when processing for 30 seconds by this buffered 
fluoric acid, the irregularity of 10-20nm has produced it on the side face according to the difference of 
the etching rate of each silicon oxide system film. For this reason, there was a trouble of becoming 
lifting defective continuity about a stage piece in the concavo-convex section when it is going to put the 
metal membrane for metal wiring on a contact hole by the spatter after this, or becoming the cause 
which a void generates when embedding a contact hole by the electric conduction film with a CVD 
method and forming plug contact, 

[0006] Therefore, the object of this invention is to offer the manufacture approach of a semiconductor 
device removable [ controlling that irregularity generates the natural oxidation film of the contact hole 
pars basilaris ossis occipitalis prepared in the multilayer containing at least two kinds of silicon oxide 
system insulator layers on said contact hole side face ], and an etching reagent. 
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[0007] 

[Means for Solving the Problem] The process at which the manufacture approach of the semiconductor 
device of this invention forms the multilayer containing at least two kinds of silicon oxide system 
insulator layers on a semi-conductor substrate, a contact hole is formed in said multilayer, and said semi- 
conductor substrate is exposed. In the manufacture approach of a semiconductor device of having the 
process which removes the natural oxidation film of the appropriate account exposed surface of back to 
front, said natural oxidation film is removed using the etching reagent which consists of an excess of 0 
% of the weight, 0.5 or less % of the weight of HF, NH[ at least 37% of the weight of ]4 F, and 
remainder water. 

[0008] In this case, a multilayer can be formed including at least two kinds in the thermal oxidation 
silicon film, the BPSG film, and the ordinary pressure CVD silicon oxide film. Moreover, a surfactant 
may be added to an etching reagent. 

[0009] The etching reagent of this invention is an etching reagent for silicon oxide system insulator 
layers characterized by consisting of an excess of 0 % of the weight, 0. 1 or less % of the weight of HF, 
NH[ at least 37% of the weight of ]4 F, and remainder water. 
[0010] In this case, a surfactant may be added. 

[001 1] HF concentration is as low as 0.5 or less % of the weight, and since NH4 F concentration is high, 
it becomes 37% or more with 1 or less nm/min about the difference of the etching rate to various kinds 
of silicon oxide system insulator layers with strong buffer action. 
[0012] 

[Embodiment of the Invention] Drawing 1 is a graph which shows the etching rate by the buffered 
fluoric acid of various silicon oxide system insulator layers. That is, drawin g 1 (a) is a graph when 
maintaining the concentration of HF to 0.08% of the weight, and the graph when changing NH4 F 
concentration and drawing 1 (b) maintaining the concentration of NH4 F to 37% of the weight, and 
changing HF concentration. In any case, the remainder is water. The Lynn concentration of the BPSG 
film is [ the membrane formation temperature of the ordinary pressure CVD silicon oxide film of 4.5- 
mol % and boron concentration ] 400 degrees C 10.5%. Considering this experimental result, they are an 
excess of 0 % of the weight, 0.5 or less % of the weight of HF, and at least 37%% of the weight of NH4. 
And when the dirty rate difference over the etching reagent which consists of remainder water becomes 
1 or less nm/min and concentration of HF is fiarther carried out to 0. 1 or less % of the weight, it turns out 
that it becomes 0. 1 or less nm/min. if solubility and its temperature dependence are taken into 
consideration, 40 %o of the weight will come out of the upper limit of the concentration of NH4 F at 
most. 

[0013] Next, the gestalt of 1 implementation of the manufacture approach of the semiconductor device 
of this invention is described. 

[0014] As shown in drawing 2 , on Si substrate 2 front face The thermal oxidation silicon film (for 
example, the front face of the drain field of an MOS transistor shall be covered), By the dry etching 
method which forms the BPSG film 4-1, the ordinary pressure CVD silicon oxide film (silicon oxide 
film formed with the ordinary pressure CVD method) 5, and the BPSG film 4-2 one by one, and does 
not have selectivity to these silicon oxide system insulator layers Contact hole 1 A of the diameter 
(design rule 0.35micrometer) of 0,35 micrometer is formed, and the Si substrate 1 is exposed. At this 
time, some front faces of the Si substrate 1 are deleted. Next, it is left from a dry etching system before 
ejection and the next wiring layer formation and in air. NH4 F concentration uses [ HF concentration ] 
the buffered fluoric acid which becomes with remainder water 37% of the weight 0.5%> of the weight for 
removing the natural oxidation film of Si substrate side just before wiring layer formation. Although the 
thickness of the natural oxidation film changes with time amount left, it is about l-2nm, and it can be 
removed in 3 minutes - about 5 minutes. Therefore, the irregularity of the side face of contact hole lA is 
controlled by 5nm or less. Since this is fully small as compared with a contact aperture, generating of the 
stage piece in the case of forming a wiring layer, defective continuity, or the void at the time of pad plug 
formation is ******(ed). 

[0015] In addition, the result which applies to the gestalt of this operation correspondingly also about the 



http://www4.ipdl jpo.gojp/cgi-bin/tran_web_cgiejje 7/20/04 



Page 3 of 3 



case where a contact hole is prepared in the multilayer containing the BPSG film (ordinary pressure 
CVD silicon oxide film [ which formed membranes at 300-500 degrees C ], and Lynn concentration % 
of two mols and seven-mol and boron concentration 6 mol %-15%) was obtained. Furthermore, 
even if it is a multilayer containing other silicon oxide system insulator layers, such as PSG film, high- 
temperature-oxidation silicon film (HTO film), etc. which are not contained in the gestalt of this 
operation, it is clear that irregularity of a contact hole side face can be lessened compared with the 
conventional example. Moreover, although adding a surfactant to buffered fluoric acid is performed 
ordinarily, also in the case of this invention, you may do so. As a surfactant in that case, a well-known 
thing, for example, the thing indicated by JP,3-17372,B, can be used. Namely, aliphatic-carboxyUc-acid 
Cn H2n+1C00H (n is the integer of 5-1 1), salt Cn H2n+1C00NH3 R (n ~ the integer of 5-1 1 ~) of 
aliphatic carboxylic acid R can use the surfactant which are a hydrogen atom or the alkyl group of 
carbon numbers 5-10, fatty amine Cm H2m+1NH2, fatty alcohol Cn H2n+10H(s) (n is the integer of 6- 
12), or such mixture. 10-10000 ppm is suitable for an addition. 
[0016] 

[Effect of the Invention] As explained above, good etching of a controllability is possible for it, the 
buffered fluoric acid of this invention controlling the irregularity which has an etching rate almost equal 
about various kinds of silicon oxide system insulator layers, and is made on a contact hole side face 
since the etching rate is sufficiently small. By this, the defective continuity of wiring in the contact 
section, the void at the time of a contact hole pad, etc. can be prevented, and it has the effectiveness of 
leading to the improvement in dependability of a semiconductor device. 

[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3 . In the drawings, any words are not translated. 



TECHNICAL FIELD 



[Field of the Invention] This invention relates to the etching reagent used for an art and processing after 
forming a contact hole in the insulating multilayer especially on a semi-conductor substrate about the 
manufacture approach of a semiconductor device, and an etching reagent. 



[Translation done.] 
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PRIOR ART 



[Description of the Prior Art] It is A (HF6.1%, four F32.5% of NH(s)) of the graph which took HF 
concentration along the axis of abscissa, and took NH4 F concentration along the axis of ordinate by 
which it was indicated in JP,3-45533,B as a thing called the water with which 0.1-10% of the weight 
of HF shown in JP,3-17372,B, four F15 - 40 % of the weight of NH(sX and the remainder added the 
surfactant as conventional buffered fluoric acid again, There is a thing of becoming with HF of the 
square to which four points of B (HF5.1%, four F12.4% of HN(s)X C (HF5.9%, NH4F10%X and D 
(HF7%, four F26% of NH(s)) were connected within the limits, NH4 F, and remainder water. 



[Translation done.] 
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EFFECT OF THE INVENTION 

[Effect of the Invention] As explained above, good etching of a controllability is possible for it, the 
buffered fluoric acid of this invention controlling the irregularity which has an etching rate almost equal 
about various kinds of silicon oxide system insulator layers, and is made on a contact hole side face 
since the etching rate is sufficiently small. By this, the defective continuity of wiring in the contact 
section, the void at the time of a contact hole pad, etc. can be prevented, and it has the effectiveness of 
leading to the improvement in dependability of a semiconductor device. 

[Translation done.] 
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Japan Patent Office is not responsible for any 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] Suppose that the process which removes the natural 
oxidation film of the pars basilaris ossis occipitalis after contact hole puncturing is performed using the 
buffered fluoric acid of this conventional concentration. 

[0004] For example, as shown in drawing 3 Thermal oxidation silicon film (silicon) The contact hole 1 
of the diameter of 0.35 micrometer is punctured by the dry etching method without selectivity to the 
multilayer which consists of the silicon oxide film 3 oxidized thermally, BPSG (boron phosphorus 
silicic-acid glass) 4-1, 4-2, and ordinary pressure CVD silicon oxide film (silicon oxide film deposited 
with the ordinary pressure CVD method) 5. Supposing it performs that after treatment, in order that an 
etching rate may expand a contact hole [ finishing / formation / it is too as quick as 80 - 100 nm/min to 
the thermal oxidation silicon film at 20 degrees C and ], by the buffered fluoric acid shown in JP,3- 
45533,B, it is not suitable for this application. If it processes among the buffered fluoric acid shown in 
JP,3-17372,B using 130BHF (HFl .61%, four F38.7% of NH(s)), irregularity will arise on a contact hole 
side face by the difference in the etching rate of each film of an insulating multilayer. 
[0005] Although drawing 2 shows the contact hole when processing for 30 seconds by this buffered 
fluoric acid, the irregularity of 10-20nm has produced it on the side face according to the difference of 
the etching rate of each silicon oxide system film. For this reason, there was a trouble of becoming 
lifting defective continuity about a stage piece in the concavo-convex section when it is going to put the 
metal membrane for metal wiring on a contact hole by the spatter after this, or becoming the cause 
which a void generates when embedding a contact hole by the electric conduction film with a CVD 
method and forming plug contact, 

[0006] Therefore, the object of this invention is to offer the manufacture approach of a semiconductor 
device removable [ controlling that irregularity generates the natural oxidation film of the contact hole 
pars basilaris ossis occipitaUs prepared in the multilayer containing at least two kinds of silicon oxide 
system insulator layers on said contact hole side face ], and an etching reagent. 



[Translation done.] 
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MEANS 



[Means for Solving the Problem] The process at which the manufacture approach of the semiconductor 
device of this invention forms the multilayer containing at least two kinds of silicon oxide system 
insulator layers on a semi-conductor substrate, a contact hole is formed in said multilayer, and said semi- 
conductor substrate is exposed, In the manufacture approach of a semiconductor device of having the 
process which removes the natural oxidation film of the appropriate account exposed surface of back to 
front, said natural oxidation film is removed using the etching reagent which consists of an excess of 0 
% of the weight, 0.5 or less % of the weight of HF, NH[ atleast37% of the weight of ]4 F, and 
remainder water. 

[0008] In this case, a multilayer can be formed including at least two kinds in the thermal oxidation 
silicon film, the BPSG film, and the ordinary pressure CVD silicon oxide film. Moreover, a surfactant 
may be added to an etching reagent. 

[0009] The etching reagent of this invention is an etching reagent for silicon oxide system insulator 
layers characterized by consisting of an excess of 0 % of the weight, 0.1 or less % of the weight of HF, 
NH[ at least 37% of the weight of ]4 F, and remainder water. 
[0010] In this case, a surfactant may be added. 

[001 1] HF concentration is as low as 0.5 or less % of the weight, and since NH4 F concentration is high, 
it becomes 37% or more with 1 or less nm/min about the difference of the etching rate to various kinds 
of silicon oxide system insulator layers with strong buffer action. 
[0012] 

[Embodiment of the Invention] Drawing 1 is a graph which shows the etching rate by the buffered 
fluoric acid of various silicon oxide system insulator layers. That is, drawing 1 (a) is a graph when 
maintaining the concentration of HF to 0.08%i of the weight, and the graph when changing NH4 F 
concentration and drawing 1 (b) maintaining the concentration of NH4 F to 37% of the weight, and 
changing HF concentration. In any case, the remainder is water. The Lynn concentration of the BPSG 
film is [ the membrane formation temperature of the ordinary pressure CVD silicon oxide film of 4.5- 
mol % and boron concentration ] 400 degrees C 10.5%o. Considering this experimental result, they are an 
excess of 0 % of the weight, 0.5 or less % of the weight of HF, and at least 37%% of the weight of NH4. 
And when the dirty rate difference over the etching reagent which consists of remainder water becomes 
1 or less nm/min and concentration of HF is further carried out to 0. 1 or less %> of the weight, it turns out 
that it becomes 0. 1 or less nm/min. if solubility and its temperature dependence are taken into 
consideration, 40 % of the weight will come out of the upper limit of the concentration of NH4 F at 
most. 

[0013] Next, the gestalt of 1 implementation of the manufacture approach of the semiconductor device 
of this invention is described. 

[0014] As shown in drawing 2 , on Si substrate 2 front face The thermal oxidation silicon film (for 
example, the front face of the drain field of an MOS transistor shall be covered). By the dry etching 
method which forms the BPSG film 4-1, the ordinary pressure CVD silicon oxide film (silicon oxide 
film formed with the ordinary pressure CVD method) 5, and the BPSG film 4-2 one by one, and does 
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not have selectivity to these silicon oxide system insulator layers Contact hole 1 A of the diameter 
(design rule 0.35micrometer) of 0,35 micrometer is formed, and the Si substrate 1 is exposed. At this 
time, some front faces of the Si substrate 1 are deleted. Next, it is left from a dry etching system before 
ejection and the next wiring layer formation and in air. NH4 F concentration uses [ HF concentration ] 
the buffered fluoric acid v^hich becomes with remainder water 37% of the weight 0.5% of the weight for 
removing the natural oxidation film of Si substrate side just before wiring layer formation. Although the 
thickness of the natural oxidation film changes with time amount left, it is about l-2nm, and it can be 
removed in 3 minutes - about 5 minutes. Therefore, the irregularity of the side face of contact hole 1 A is 
controlled by 5nm or less. Since this is fully small as compared with a contact aperture, generating of the 
stage piece in the case of forming a wiring layer, defective continuity, or the void at the time of pad plug 
formation is ******(ed). 

[0015] In addition, the result which applies to the gestalt of this operation correspondingly also about the 
case where a contact hole is prepared in the multilayer containing the BPSG film (ordinary pressure 
CVD silicon oxide film [ which formed membranes at 300-500 degrees C ], and Lynn concentration % 
of two mols -, and seven-mol %, and boron concentration 6 mol %-15%) was obtained. Furthermore, 
even if it is a multilayer containing other silicon oxide system insulator layers, such as PSG film, high- 
temperature-oxidation silicon film (HTO film), etc. which are not contained in the gestalt of this 
operation, it is clear that irregularity of a contact hole side face can be lessened compared with the 
conventional example. Moreover, although adding a surfactant to buffered fluoric acid is performed 
ordinarily, also in the case of this invention, you may do so. As a surfactant in that case, a well-known 
thing, for example, the thing indicated by JP,3-17372,B, can be used. Namely, aliphatic-carboxyhc-acid 
Cn H2n+1C00H (n is the integer of 5-11), salt Cn H2n+1C00NH3 R (n - the integer of 5-1 1 -) of 
aliphatic carboxylic acid R can use the surfactant which are a hydrogen atom or the alkyl group of 
carbon numbers 5-10, fatty amine Cm H2m+1NH2, fatty alcohol Cn H2n+10H(s) (n is the integer of 6- 
12), or such mixture. 10-10000 ppm is suitable for an addition. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the graph ( drawing 1 (b)) which shows the graph ( drawing 1 (a)) and HF 
concentration dependency which show the NH4 F concentration dependency of the etching rate of the 
buffered fluoric acid for explaining this invention. 

[Drawing 2] It is a sectional view for explaining the manufacture approach of the semiconductor device 
of this invention. 

[Drawing 3] It is the sectional view used for explanation of the trouble of the conventional example. 
[Description of Notations] 

1 lA Contact hole 

2 Si Substrate 

3 Thermal Oxidation Silicon Film 
4-1,4-2 BPSGfilm 

5 Ordinary Pressure CVD Silicon Oxide Film 
[Translation done.] 
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DRAWINGS 



[Drawing 2] 
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[Drawing 3] 
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